Abstract. The Closed-World Assumption (CWA) on a database expresses that an atom not in the database is false. The CWA is only applicable in domains where the database has complete knowledge. In many cases, for example in the context of distributed databases, a data source has only complete knowledge about part of the domain of discourse. In this paper, we introduce an expressive and intuitively appealing method of representing a local closed-world assumption (LCWA) of autonomous data-sources. This approach distinguishes between the data that is conveyed by a data-source and the meta-knowledge about the area in which these data is complete. The data is stored in a relational database that can be queried in the standard way, whereas the metaknowledge about its completeness is expressed by a first order theory that can be processed by an independent reasoning system (for example a mediator ). We consider different ways of representing our approach, relate it to other methods of representing local closed-word assumptions of data-sources, and show some useful properties of our framework which facilitate its application in real-life systems.
Introduction and Motivation
In recent years, information integration has attracted considerable attention from the AI and databases communities. Generally speaking, the idea is, given a set of independent data-sources, to characterize the collective knowledge represented by them in terms of a uniform vocabulary, called the global schema, and then to exploit this information to obtain correct answers from the whole system (see [8] for a detailed description of this problem, and [1,9,14] for some particular solutions for it). An important aspect of this research is to arrive at an exact description of the information endorsed by each and every data-source in the system. Typically, a data-source stores a database consisting of a set of tuples. In standard database settings, the information held by the data-source would be expressed by the conjunction of atoms together with the closed-world assumption [13] . The CWA expresses the communication agreement that an atom that does not appear in the database is false. However, it is clear that the CWA can only be applied when the database contains complete knowledge of the domain of discourse. In a context of distributed data-sources this assumption is inherently inappropriate since a consideration of a certain data-source as a single and complete representation of the world either completely discards the other sources of information or causes contradictions among them. For this reason, some existing approaches have applied an open-world assumption [3, 11] , interpreting a datasource just as the conjunction of atoms in the database. However, we find that this does not allow to grasp more refined information that is held in distributed data systems (sometimes called mediator-based systems). We illustrate this in the following example.
Example 1. Consider a distributed traffic tax administration system, in which there is one data-source for each county, maintaining a database of car owners in that county. There is a protocol amongst the different counties so that when a car owner leaves one county A to live in another county B, then county A immediately transfers its information to county B, while still preserving a record of the car owner and its current status for a certain period of time, to handle all running tax demands. By the nature of the protocol, we may assume that each data-source has complete knowledge about all car owners in its county, but in general it has more information than that. Part of the tables of a particular county, say Bronx, may look as follows: By the nature of the distributed system, this data-source has an expertise on car owners of Bronx. This meta-knowledge allows to derive further information that is not explicitly stated in the data-source, e.g. that all people that are recorded in the table Location as residents of Bronx, are actually all the car owners from that county. However, as the information about car owners in Queens is not complete in this data-source, one should not rely only on the tables of this source for making further conclusions about that county.
Car Owners
The example above shows that when the information is distributed over several independent data-sources, a different approach is needed in order to properly capture the meaning of a particular data-source. While in distributed information systems, data-sources usually have only partial knowledge about the domain of discourse, still it is often the case that a particular source is an expert about a specific area and has complete knowledge about it. We call this area the window of expertise of the data source. It follows that to express the information
